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Abstract
We generated a high-quality reference genome sequence for foxtail millet (Setaria italica). The ~400-Mb assembly 
covers ~80% of the genome and >95% of the gene space. The assembly was anchored to a 992-locus genetic map and 
was annotated by comparison with >1.3 million expressed sequence tag reads. We produced more than 580 million 
RNA-Seq reads to facilitate expression analyses. We also sequenced Setaria viridis, the ancestral wild relative of S. 
italica, and identified regions of differential single-nucleotide polymorphism density, distribution of transposable 
elements, small RNA content, chromosomal rearrangement and segregation distortion. The genus Setaria includes 
natural and cultivated species that demonstrate a wide capacity for adaptation. The genetic basis of this adaptation was 
investigated by comparing five sequenced grass genomes. We also used the diploid Setaria genome to evaluate the 
ongoing genome assembly of a related polyploid, switchgrass (Panicum virgatum).
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Figure 1 Phylogenetic position of S. italica and S. viridis relative  
to selected important grass species. Left panel, relationships of the 
commelinid monocots, showing the order Poales relative to the next 
closest order with a genome sequence, Arecales (http://www.mobot. 
org/MOBOT/research/APweb/). Middle panel, relationships among some 
grass genera (GPWG 2001). Right panel, phylogeny of selected Panicum, 
Setaria and Pennisetum species. Green, C4 
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Figure 2 Distribution of genes (exons), transposable elements and 
segregation distortion on two S. italica chromosomes. Copy numbers for 
each track were calculated in 500-kb sliding windows, incrementing every 
100 kb. Scale (blue, minimum abundance; red, maximum abundance). 
Black triangles indicate the estimated position of the centromere on each 
chromosome. “Other class I TEs” are LINEs, short interspersed nuclear 
elements (SINEs) and unclassified LTR retrotransposons. “Other class II 
TEs” are Helitrons, Mutators, hATs, Tc1/Mariners and PIF/Harbingers. 
Segregation distortion is represented as log10 (A:B ratio). Green indicates no 
distortion, increasing red intensity indicates significant overrepresentation  
of S. italica alleles and increasing blue intensity indicates significant 
overrepresentation of S. viridis alleles. TE, transposable element.  
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Table 1 Read statistics for the placement of sorghum and 
S. italica BES   
Condition   
Number of switchgrass 
BES (reads)   Genomic span (Mb)   
Colinear with Setaria 1,870 101.4 
Colinear with sorghum 1,326 86.6 
Colinear in both 928 Setaria: 47.1 
Sorghum: 54.2 
Rearranged in Setaria 164 11.1 
Rearranged in sorghum 90 6.7 
Rearranged in both 32 Setaria: 2.7 
Sorghum: 2.7 
Colinear read pairs from switchgrass BACs whose terminal genes both map in colinear 
locations on genome assemblies of Setaria, sorghum or both with an insert size <500 kb. 
Rearranged switchgrass read pairs are ones that are colinear with one or both grass 
genomes, and with <500 kb between the homologies, but are rearranged (that is, with 
one of the genes inverted). Genomic span is the amount of the genome covered by the 
switchgrass gene pair in the respective genome. BES, BAC-end sequences. 
Comparison of Setaria with switchgrass 
Figure 3 Collapse of switchgrass contigs that were identified and localized by comparison with the Setaria genome assembly. The upper line scales 
show positions in the Setaria assembly for a region encoding a ubiquitin ligase. The transcript for this gene, annotated in Setaria, is represented by 
exons (tan boxes) and introns (thin lines) on the ‘transcript’ row. The multicolored bar below the transcript shows the Setaria assembly, with the  
degree of homology to switchgrass indicated by the height of the color peaks within the bar. The multicolored bars below are the switchgrass contigs, 
which could now be assembled because of their microcolinearity with Setaria. Note that the four switchgrass haplotypes have become anywhere from 
one (3end) to four (tannish-green middle region) assemblies for this gene. Contigs 4 and 5 have a small subgenome-specific insertion (see white space 
in Setaria assembly). 
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Assessing switchgrass genome assembly 

Genetic basis of adaptation 
DISCUSSION 
Table 2 Overrepresented gene clusters in drought-tolerant 
species (S. italica (Si) and S. bicolor (Sb)) as compared with 
drought-susceptible   species 
Representative domain 
in cluster 
Drought-induced 
   
Setaria genesa 
Number of genes 
in clusters   
Si and Sb Os and Zm 
Plant lipid transfer protein Si003013m 96 65 
NADH oxidase Si006673m, Si006681m 32 18 
Multi antimicrobial Si035333m 118 92 
extrusion protein 
Aldo/keto reductase Si010495m, Si030159m 86 64 
Glutathione S-transferase Si031003m 138 110 
AMP-dependent 
   synthetase/ligase   
Si016817m, Si029063m 122 97 
Zm (Z. mays) and Os (O. sativa). P < 0.05. P-value was calculated using the cumulative 
Poisson distribution and adjusted by Benjamini & Hochberg correction48. 
aEST data showing up regulated gene expression in response to dehydration stress. 
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